|hep-ph/9908229 



HUPD-9910 
YUMS 99-020 
KEK-TH-633 



A Systematic Analysis of the Lepton Polarization Asymmetries 

in the Rare B Decay, B — > X s r + r 

S. Fukae a >i, C. S. Kim 6 >i, and T. Yoshikawa c i 

a: Department of Physics, Hiroshima University, Higashi Hiroshima 739-8526, Japan 
b: Department of Physics, Yonsei University, Seoul 120-749, Korea 
c: Theory Group, KEK, Tsukuba, Ibaraki 305-0801, Japan 

(February 1, 2008) 
Abstract 

The most general model-independent analysis of the lepton polarization asymmetries 
in the rare B decay, B — * X s t + t~, is presented. We present the longitudinal, normal 
and transverse polarization asymmetries for the r + and t~, and combinations of them, 
as functions of the Wilson coefficients of twelve independent four-Fermi interactions, 
ten of them local and two nonlocal. These procedures will tell us which type of oper- 
ators contributes to the process. And it will be very useful to pin down new physics 
systematically, once we have the experimental data with high statistics and a deviation 
from the Standard Model is found. 



fukae® ip c.hiroshima-u.ac . j p 

2 kim@cskim.yonsei.ac.kr, http://phya.yonsei.ac.kr/~cskim/ 
3 JSPS Research Fellow, yosikawa@acorn.kck.jp 



1 



1 Introduction 



Rare 5-meson decays are very useful for constraining new physics beyond the Standard Model 
(SM). In particular, the processes B — > X s ^ and B — ► X s l + l~ are experimentally clean, and are 
possibly the most sensitive to the various extensions of the SM because these decays occur only 
through loops in the SM. Nonstandard model effects can manifest themselves in these rare decays 
through the Wilson coefficients, which can have values distinctly different from their Standard 
Model counterparts. (See for example, @, |, |, |, |, |, % % |) Compared to B ^ X s ~f, the flavor 
changing leptonic decay B — > X s l + l~ is more sensitive to the actual form of the new interactions 
since we can measure experimentally various kinematical distributions as well as a total rate. While 
new physics will change only the systematically uncertain normalization for B — > Xg'j, the interplay 
of various operators will also change the spectra of the decay B — » X s l + l~ . 

We can expect that the lepton polarization asymmetries in B — > X s t + t~ decay may also give 
useful information to fit parameters in the SM and constrain new physics [|Tq| , [TT| , |l~5| , ||, p^ j. 
We note that the previous studies for lepton flavor asymmetries have been limited only to the 
subset of ten local four-Fermi interactions within specific extended models, such as the two-Higgs- 
doublet model, the minimal super symmetric model, the left-right symmetric model, etc. (see 
for example [||, In the SM and in many of its extensions, the decay B — » X s l + l~ is 

completely determined phenomenologically by the numerical values of Wilson coefficients of only 
three operators evaluated at the scale fi ~ nib- However, it would be most interesting if this three- 
parameter fit were found unsuccessful to explain the real experimental distributions, and if the new 
interactions even necessarily implied an extension of the ten local four-Fermi operator basis to new 
operators beyond the usual set Q. And, therefore, the new physics scenario can be much richer 
than any of those models. 



In our previous work [16], we studied the dependence on the four-Fermi interactions to the 
decay distribution and the forward-backward asymmetry of B — » X s l + l~, where I is electron or 
muon 0]. We also studied the correlation between the branching ratio and the forward-backward 
asymmetry by changing each coefficient. From the study we also found that the dependence of the 
correlation on the coefficients of the vector-type interaction is large and we can use such information 
to identify the corresponding new physics contribution. However, we cannot get enough information 
for the scalar- and tensor-type interactions from such correlation studies. As the next step, we 
study here the case of B — » X s t + t~ and discuss the importance of measuring the r polarization 
asymmetries to investigate the scalar- and tensor-type interactions. The contributions from the 
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scalar and tensor interactions will appear in the difference between the asymmetries for r~ and r + . 

The paper is organized as follows. In Section 2, we show the most general four-Fermi inter- 
actions and the decay distribution of B — > X s t + t~. In the previous work |j[q |, we analyzed the 
decay B — > X s l + l~ based on ten local operators expansion. Here we expand our investigation by 
including the contribution from two nonlocal type operators. In Section 3, we present the longitu- 
dinal, normal and transverse polarization asymmetries of r + and t~, and study their dependence 
on the four-Fermi interactions. We discuss the difference between the asymmetries for t~ and r + 
in Section 4. The correlations between the branching ratio and the asymmetries are discussed in 
Section 5. Section 6 summarizes the results. 

2 Dilepton Invariant Mass Distribution 



We follow Refs. [11, 16, 18, 19, for notations and for the choice of the parameters in the SM as 
well as for the incorporation of the long-distance effects of charmonium states. We start by defining 
the various kinematic variables. In this paper, the inclusive semileptonic B decay is modeled by 
the partonic calculation, i.e., b(pb) — > s(p s ) + l + (p + ) + Z~(p_). This is regarded as the leading 
order calculation in the \jra\ ) expansion ^l]]. Then the decay distribution is described by the 
following two kinematic variables s and u, 

s = {Pb - Ps) 2 = (p+ + P-) 2 = ml + m 2 s + m\ + m 2 _ - t+ - t_, 
u = t+-t-, (1) 
with t+ = (p s + p+f = (Pb ~ P-) 2 , 

t- = (p s + p-f = (p b - p + ) 2 . 

In the center of mass frame of the dileptons, u is written in terms of 0, i.e., the angle between the 
momentum of the B meson and that of l + , 

u = —u(s) ■ cosO = —u(s)z, (2) 
with z = cos 9, 



/ 4ttj? 
u(s) = \ Us - (m b + m s ) 2 )(s - (m b - m s ) 2 )(l - 



The phase space is defined in terms of s and z, 

4mf < s < (m^ — m s ) 2 , 



1 < z < 1. (3) 
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We want to consider the inclusive lepton polarization asymmetries as functions of the Wilson 
coefficients of the following twelve most general independent four-Fermi interactions. There are 
two nonlocal (Csl,Cbr), and ten local four-Fermi interactions; 

M = GFa v * Vtb { c S Lsia^(m s L)bh»l 
V 2tt Q 

q v 

+ C B r si(Juv^{m b R)b l^H 
q A 

+ C LL s L j^b L TlI^Il 

+ C LR SLi^bL Ir^Ir 

+ C RL s R 7 m 6 r IlI^Il 

+ Crr s R <y^b R Ir^Ir 

+ Clrlr s^r IlIr 

+ Crllr srI>l IlIr 

+ Clrrl sibR IrIl 

+ Crlrl srI>l IrIl 

+ C T sa^b la^l 

+ iCTEsa^bla^le^]. (4) 

where Cxx's are the coefficients of the four-Fermi interactions. Among them, there are two non- 
local four-Fermi interactions denoted by Csl and Crr, which correspond to —2Cj in the SM, and 
which are constrained by the experimental data of b — > 57. There are four vector-type interactions 
denoted by Cll, Clr, Crl, and Crr. Two of them (Cll, Clr) are already present in the SM as the 
combinations of (Cg — C10, Cg + C\q). Therefore, they are regarded as the sum of the contribution 
from the SM and the new physics deviations (Cf^ ,Cf^). The other vector interactions denoted 
by Crl and Crr are obtained by interchanging the chirality projections L <-> R. There are four 
scalar-type interactions, Clrlr-, Crllr-, Crllr and Crlrl- The remaining two denoted by Ct 
and Cte correspond to tensor-type. The subindices, L and R, are chiral projections, L = 5(1 — 75) 
and R = ±(1+75). 

The differential decay rate of B — ► X s l + l~ as a function of the dilepton invariant mass is shown 
as follows: 

d£3 1 

= ^ B ° Re [ S ^ S ) { m l\ C SL\ 2 + m 2 b \C BR \ 2 } 
+ S 2 (s) {2m h m s Cs L C BR } 

+ S 3 (s) {2m 2 s CsL(C* LL + C* LR ) + 2m b m s C BR (C RL + C* RR )} 



+ S 4 (s) {2m\C BR (Cl L + C* LR ) + 2m b m s C S L(C RL + C* RR )} 

+ 5 5 (s) {2(m s C 5 L + m fc Cij fi )C^} 

+ Sq(s) {4:(m b C BR - m s CsL)CT E } 

+ M 2 (s) {\C LL \ 2 + \C LR \ 2 + \C RL \ 2 + \C RR \ 2 } 

+ M 6 (s){-2(C LL C RL + C LR C RR ) 

+{C LRLR C* RLLR + C LRRL C RLRL )} 
+ M 8 (s) {\C LRLR \ 2 + \C RLLR \ 2 + |C LiJi?L | 2 + \C RLRL \ 2 } 
+ M 9 (s) {16|C T | 2 + 64|C T£ ;| 2 } 
+ N 1 {s){2(C LL C* LR + C RL C RR ) 

-{ClrlrC* lrrl + C RLLR C* RLRL )} 
+ N 5 (s){-2(C LL C RL + C LR C RR ) 

+{C LRLR C* RLLR + C LRRL C* RLRL )} 
+ N 5 (s){2(C LL C RR + C LR C RL ) 

+^(ClrlrC rlrl + C LRRL C RLLR )} 
+ N 6 (s) {2{C LL - C LR )(C* LRLR - C LRRL ) 

+2(C RL - C RR )(C* RLLR - C* RLRL )} 
+ N 7 {s) {2(C LL - C LR )(C* RLRL - C* RLLR ) 

+2(C RL - C RR )(C* LRRL - C* LRLR )} 
+ N 8 (s) {2{C LL + C LR ){C* T ) + 2{C RL + C RR )(C* T )} 
+ N 9 (s) {2{C LL + C LR ){C* TE ) + 2(C RL + C RR )(C* TE )} 
+ N 5 (s) {-192 \C TE \ 2 }}, (5) 



where Bq is a normalization factor normalized to the semileptonic decay 



C ° °" 16^ |y cfe |2 /(m c )/,(m c )' W 



and the phase space factor, f{rh c = ^), and the 0(a s ) QCD correction factor 22], K(m c ), of 
b ^ civ are given by 

/(m c ) = 1 - Sm 2 + 8m c 6 - m c 8 - 24m c 4 In m c , (7) 

K (m c ) = l-^^[(vr 2 -|)(l-rn c ) 2 + ^. (8) 

For the numerical calculations, we set | V t * Vtb\ 2 /\V c b\ 2 = 1 and use the experimental value of the 



semileptonic branching fraction B s i = 10.4%. S n (s), M n (s) and N n (s) are functions of the dilepton 
invariant mass s, 



5 ' 1 ( s ) = ^u(s)[-lQmf{(ml+m 2 s )s-(ml-m 2 s ) 2 }-As{s 2 - -u(sf - (m 2 b - m 2 s ) 2 }], 

S-zis) = -u(s)m b m s (—32mf — 16s), 
s 

Sz{s) = -u(s){8mf(s + ml — m 2 ) + 4s(s + m? — m s )\, 
s 

S^s) = -u(s){8m 2 (s — ml + m 2 ) + As(s — ml + ml)}, 

85(3) = -u(s)mi{96mbm s s + 16s(m? + m 2 — s) + 32(s 2 — (ml — m 2 ) 2 )}, 
s 

£>6( s ) = -u(s)mi{96mf } m s s — lQsOmi + m 2 s — s) — 32(s 2 — (m? — m 2 ) 2 )}, 
s 

M 2 (s) = 2u(s)(~u(s) 2 - S 2 + (m 2 b -m 2 s ) 2 ), 
Mq(s) = 8u(s)mbm s (2mf + s), 
M 8 (s) = -2u(s)(ml + m 2 s - s)(2mf - s), 
Mg(s) = 2u(s){4mf(ml — 6mf,m s + m 2 . — s) 

-\u{sf - 2(m 2 h + m 2 s )s + 2{m 2 b - m 2 s ) 2 }, 

Ni(s) = 8u(s)mf (ml + ml — s), 

Na(s) = —32u(s)mbm s mf , 

Nq(s) = 2u(s)mimb(s — ml + ml) , 

Nj(s) = 2u(s)mim s (s + ml — ml), 

N$(s) = 24u(s)mi(-(m b + m s )s + (m b - m s )(ml - m 2 s )), 

N 9 (s) = 48u(s)mi((m b -m s )s - (m b + m s )(ml -ml)). (9) 

The terms with the functions 6*5(5), Sq(s) and N n (s) appear only in the case of massive leptonic 
decay, B — > X s t + t~ . For the massless cases, B — > X s e + e~ and B — > X s fi + n~ , we already discussed 



the influence of new interactions on the differential decay rate in Ref. [16]. Now we want to expand 
our discussion for the massive case, B — > X s t + t~ . However, in this case it is not easy to determine 
the dependence of each coefficient of the twelve new interactions from the given differential decay 
rate only, because of some terms with N n (s) which show the cross term dependence between the 
different type operators, as shown in Eq. (5). In the next Section we investigate instead the lepton 
polarization asymmetries. The dilepton's invariant mass distribution of B — > X s t + t~ within the 
SM is shown in Fig. |l] 
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Figure 1: The differential decay rate in the SM. 

3 Lepton Polarization Asymmetries 

We now compute the lepton polarization asymmetries from the four-Fermi interactions defined in 
Eq. (4). We define the following orthogonal unit vectors, S in the rest frame of l~ and W in the 



rest frame of Z + , for the polarization of the leptons [l(], 11] to the longitudinal direction (L), the 
normal direction {N) and the transverse direction (T) 



si - 


(0,e L ) 




°N — 


{0,e N ) 


= (o,, p ' xp -) 

IPs X P-| 


Q/t _ 
LJrp 


(0,e T ) 


= (0,ejv x e L ), 


K = 


(0,w L ) 


Ip+I 




(0, Wat 


\Ps X p+| 


w$ = 


(0, wt 


= (0, Wiv x wl) 



where p± and p s are the three momenta of the and the final strange (s) quark in the center- 
of~mass (CM) frame of the l + l~ system. The longitudinal unit vectors, Sl and Wl, are boosted 
by Lorentz transformation to CM frame of Z + Z~, 



W LCM 



mi mi\p-\ 
\P-\ Eip 



mi 



m t \p- 
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while the vectors of perpendicular direction are not changed by the boost. 

The differential decay rate of B — ► X s l + l~ for any spin direction of leptons can be computed 
from the following spinor expression of the matrix elements: 

q v 

M = C S l u(p s )ia^ u ^{m s L)u(p b ) u(p-)P^Qv(p + ) 

1 V 

+ C B r u(p s )ia^ v ^(m b R)u(p b ) u(p-)P^Qv(p+) 
qz 

+ C LL u{p s )-f^Lu(p h ) u{p-)P^LQv(p + ) 
+ Clr u{p s )-i^Lu(p b ) u(p-.)Pj fJ 'RQv(p + ) 
+ Crl u(p s )jfj,Ru(p b ) u(p-)P^LQv{p + ) 
+ C RR u(p s )j^Ru(p b ) u{p-)P^RQv{p+) 
+ Clrlr u(p s )Ru{p b ) u(p-)PRQv(p + ) 
+ Clrrl u{p s )Ru{p b ) u(p-)PLQv(p + ) 
+ Cr LL r u(p s )Lu{p b ) u(p-)PRQv(p + ) 
+ Cr L r L u(p s )Lu(p b ) u(p^)PLQv(p + ) 
+ C T u( Ps )a fMU u(Pb) u(p^)Pa flu Qv(p + ) 

+ iC TE u{p s )a^u(p b ) u(p„)Pa aP Qv(p + ) e^ Q/3 , (10) 

where P = ^(1 + 757^5^) and Q = ^(1 + 757^ W^) are spin projection operators. Then the lepton 
polarization asymmetries are defined as 

( dr(s x ,w x ) dr(s x ,-w x ) ^ _ ( dr(-s x ,w x ) , dr(-s x ,-w x ) , 

p— _ v ds ds / v ds _ ds / (~\'\\ 

r * - ( dT(S x ,W x ) dT{S x -W x ) , , dT{-S x ,W x ) . dT(-S x -W x ) ^ [ - 1L ' 

\ ds "r" ds ' \ ds "r ds > 

, dT(S x ,W x ) dTi-^W^-, _ , dT(S x -W x ) , dr(-S x ,-W x ) - ) 

r>-h V ds ds * ^ ds ds ' /i o\ 

x = ( dT{S Xt W x ) , dT(S x -W x ) , . ( dT{-S x ,W x ) . dV{-S x -W x ) ^ ^ > 

v ds "1" ds J ' V d s "I" ^ / 

where the subindex x is L,T or iV. P 1 * 1 denotes lepton polarization asymmetry of charged lepton 
l^ 1 . Pi denotes the longitudinal polarization, Pj* is the polarization asymmetry in the decay plane 
and P/v is the normal component to both of them. As we can see from the direction of the lepton 
polarization, Pl and Pt are P-odd, T-even and CP-even observables while P/v is P-even, T-odd 
and CP-odd observable^. 

The longitudinal polarization asymmetries for each lepton are 

P l=^~M Re t 2Ms){r4C BR (Ct L -Cl R )+m b m s C SL (C* RL -C RR )} 
m b * ■£ 



4 This is because the time reversal operation changes the signs of momentum and spin, and because the parity 
transformation changes only the sign of momentum. 
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+ 



+ 
+ 
+ 



2L 2 (s) {-m 2 s C S L(Cl L - C* LR ) - m b m s C BR (C RL - C* RR )} 
+ L 3 (s) {\C LL \ 2 - \C LR \ 2 + \C RL \ 2 - \C RR \ 2 - 12%C T C* TE } 

L 4 (s) {2C LL C* RL - 2C LR C* RR - C LRLR C* RLLR + C LRRL C* RLRL } 
2L 5 (s) {m b C BR {-C* T + 2C* TE ) + m s C SL {C* T + 2C* TE )} 
2L 6 (s) m b {(C LL - C LR )(C* LRLR + C* LRRL ) 
+{Crl - C RR )(C* RLLR + C* RLRL ) 
+4{{-ZC LL + C LR ){C* T -2C* TE ) 
+{-Crl + ZC RR ){C* T + 2C* TE )]} 
+ 2L 7 {s) m s {(C LL - C LR )(C RLLR + C* RLRL ) 
+ {Crl - Crr){C* lrlr + C* LRRL ) 
+A[(C LL -?,C LR ){C* T + 2C* TE ) 

+(ZC RL -C RR ){C* T -2C* TE )\} (13) 
+ L$(s) { — \Clrlr\ 2 + \Clrrl\ 2 — \Crllr\ 2 + \Crlrl\ 2 — 128CtC^ b }], 



and 



P t = ^M Re t ^ 1 {s){-m 2 C B R{Cl L -Cl R )-m b m s C S L{C RL -C RR )} 



+ 2L 2 (s) {m 2 C SL (Ct L - C* LR ) + m b m s C BR (C RL - C RR )} 

+ L 3 (s) {-\C LL \ 2 + \C LR \ 2 - \C RL \ 2 + \C RR \ 2 - 12SC T C% E } 

+ L ii s ) {- 2C llC rl + 2C LR C* RR - C LRLR C* RLLR + C LRRL C* RLRL } 

+ 2L 5 (s) { mh C BR {-C* T + 2C* TE ) + m s C SL (C* T + 2C* TE )} 

+ 2L 6 (s) m b {(C LL - C LR )(C* LRLR + C* LRRL ) 

+ {Crl - C RR )(C RLLR + C* RLRL ) 

+A[{C LL -?,C LR ){C* T -2C* TE ) 

+{3C R l — C rr )(Ct + 2C?p E )]} 
+ 2L 7 {s) m s {(C LL - C LR )(C* RLLR + C* RLRL ) 

+(Crl - Crr){C* lrlr + C* LRRL ) 

+4[(-3C LL + C LR )(C* T + 2C* TE ) 

H-Crl + 3C RR )(C^ - 2C* TE )\) (14) 
+ L$(s) { — \Clrlr\ 2 + \Clrrl\ 2 — \Crllr\ 2 + \Crlrl\ 2 — 128CtCt E }], 
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where L n (s) are the functions of kinetic variables s 



Li(s) = 2(—s + ml - m 2 s )v(s), 

L 2 (s) = 2(s + ml - m 2 s )v(s), 

L 3 (S) = {( S 2_ (m 2_ m 2 ) 2 Ms)+u(s) 2_l_ }) 

L^(s) = 4m b m s sv(s), 

L 5 (s) = ^mi{-(ml-m 2 s ) 2 v{s)+s(m b -m s ) 2 v{s)+u(s) 2 -^-^}, 

Lq(s) = mi(-s + ml - m 2 s )v(s), 

L 7 (s) = mi(s + ml-m 2 s )v(s), 

L 8 (s) = s(ml + m 2 s - s)v(s), (15) 



We note that the contributions from the SM (i.e. from C br ,Csl,Cll and Clr) to P£ are 
exactly the same as those to P£ , but with the opposite sign. However, the contributions from new 
interactions are totally different. This difference is very interesting and useful for the search for 
the new physics effects later. 



+ 4m ; {m 2 b C BR (3C* LL + C* LR ) + m 2 C SL (Ct L + SC* LR ) 

-m b m s C BR (3C RL + C* RR ) - m b m s C SL (C RL + 3C* RR )} 

+ T 2 (s) {-\C LL \ 2 + \C RR \ 2 } 

+ 2T 3 (s) {-C LL C* LR + C RL C* RR 

+ (2C T - ^Cte){C* lrlr - C* LRRL ) 
+ (2C T + ^Cte){C* rllr - C* RLRL )} 

+ T 4 (s) {\C LR \ 2 -\C RL \ 2 } 

+ 2T 5 (s) {m b C BR (-C* LRLR + C* LRRL ) + m s C SL {-C RLLR + C* RLRL )} 

+ 2T 6 (s) {m b C BR (C* T - 2C* TE ) - m s C SL {C* T + 2C* TE )} 

+ Amf { m b{CLLC* LRLR - C LR C* LRRL ) + m s (C LL C* RLLR - C LR C* RLRL ) 

+m s {C RL C* LRLR - C RR C* LRRL ) + m b (C RL C RLLR - C RR C* RLRL ) 

-12m b (C T -2C TE )(C* LL -C RR ) 



with 
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-12m s (C T + 2C TE )(C* LR -C* RL )} 

+ 2T 7{ s ){ m b(C LL C* LRRL - C LR C* LRLR ) + m s (C LL C RLRL - C LR C* RLLR ) 
+m s (C RL C* LRRL - C RR C* LRLR ) + m h {C RL C* RLRL - C RR C* RLLR ) 
+4m s (C T + 2C TE )(C* LL - C RR ) + 4m b (C T - 2C TE )(C* LR - C* RL )} 

+ 256mj(mg - m 2 a )C T C% E ], (16) 

and 

p + = B u(8)w(8) Re[ Tl{s){ _ m l\c BR ? + rnl\C S L\ 2 } 

m b ds 

+ Arm {m 2 b C BR (C* LL + 3C* LR ) + m 2 C SL (3Ct L + C* LR ) 

-m b m s C BR (C RL + 3C RR ) - m b m s C S L(3C RL + C RR )} 

+ T 2 (s) {-\C ll \ 2 + \Crr\ 2 } 

+ 2T 3 (s) {-C LL C* LR + C RL C* RR 

-(2Ct - ^Ct E ){C* lrlr - C* LRRL ) 
-{2C T + ^C TE )(C RLLR - C* RLRL )} 

+ Us){\C LR \ 2 -\C RL \ 2 } 

+ 2T 5 (s) {-m b C BR (-C* LRLR + C* LRRL ) - m s C SL (-C RLLR + C* RLRL )} 

+ 2T 6 (s) {m b C BR {C* T - 2C* TE ) - m s C SL {C* T + 2C* TE )} 

+ Am 2 {m b {C LL C* LRRL - C LR C* LRLR ) + m s (C LL C* RLRL - C LR C* RLLR ) 

+ m s{CRLC* LRRL - C RR C* LRLR ) + m b (C RL C RLRL - C RR C* RLLR ) 

-12m s (C T + 2C TE )(C* LL -C RR ) 

-12m b (C T -2C TE )(Cl R -C RL )} 
+ 2T 7{ s ){ m b{C LL C* LRLR - C LR C* LRRL ) + m s {C LL C* RLLR - C LR C* RLRL ) 

+m s (C RL C* LRLR - C RR C* LRRL ) + m b (C RL C* RLLR - C RR C* RLRL ) 

+4m b (C T - 2C TE )(C* LL - C* RR ) + 4m s (C T + 2C TE )(C* LR - C* RL )} 
+ 256 mi (m 2 b - m 2 )C T C^ E ], (17) 

where T n (s), w(s) are the functions of kinetic variables s 

Ti(s) = -mi(m b -m 2 ), 
T 2 {s) = 2mi(s + ml-m 2 ), 
T 3 (s) = 2mis, 
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T 4 (s 
T 5 (s 

T 7 (s 
and w(s 



= 2mi(-s + m b -m s ), 

= s, 

= 4 (mg-m2)(l + ^) > 

= (2m? -a), (18) 

TTu(s) 



Finally the normal asymmetries, and P^, are; 

g ?/(s)z(s) 8m; 2 2 

P w = 8 Im I {m b C BR (C LL - C LR ) + m s C S L{C LL - C LR ) 

m b 8 % s 

+m b m s (C BR + C SL ){-C RL + C* RR )} 
+ 8m ; {C LL C* LR - C RL C* RR 

+2(C T - 2C T e){C* lrlr + C* LRRL ) 

+2(C T + 2Cte)(C rllr + C RLRL )} 
+ 4 {-m 6 C Bfi (Q i?Li? + C* LRRL ) - m s C SL (C RLLR + C* RLRL ) 

+C L L(m b C* LRRL + m s C* RLRL ) + C LR (m b C* LRLR + ra s C* RLLR ) 

+C RL {m s C* LRRL + m b C* RLRL ) + C RR {m s C* LRLR + m b C* RLLR ) 

+4(C T + 2CTE)(-m s C2 L + m b C£ L ) 

+4(C T - 2C TS )(m 6 C£ i? - m s C^)} 

16 

+ — (mg - m 2 s ) {m b C BR {C* T - 2C* TE ) + m s C SL {C* T + 2(% E )}], (19) 



m b * f 



p + = _fip_^M£) Im[ 8m; { _ m 2^ (c2i _ c1r) _ m 2 CsL{C * LL - C* LR ) 

-m b m s {C BR + C S l)(-C* rl + C* RR )} 
+ 8m; {-C LL C* LR + C RL C* RR 

-2(Ct - 2Cte)(C* lrlr + C* LRRL ) 
-2(C T + 2Cte){C* rllr + C* RLRL )} 
+ 4 {m b C BR (C* LRLR + C* LRRL ) + m s C S L(C RLLR + C£ LRi ) 

-C LL {m b C* LRLR + m s C* RLLR ) - C LR {m b C* LRRL + m s C* RLRL ) 
-C RL (m s C* LRLR + m b C* RLLR ) - C RR (m s C* LRRL + m b C* RLRL ) 
+4(C T - 2C TE )(m b C* LL - m s C* RL ) 
+A(C T + 2C TE )(-m s C* LR + m b C* RR )} 
+ y (m 2 b - m 2 s ) {m b C BR {C* T - 2C* TE ) + m s C SL {C* T + 2C* TE )}}, (20) 
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where 

Z(S) = ~ 8~ " 

Note that several terms survive even if we take mi —* limit. In that limit, the terms T^,Tq 
and T7 of Eq. ( |i~8| ) in P r , related to the coefficients of the scalar- and tensor-type operators, still 
remain. Similarly, the terms L\, L%, L3, L4 and Lg of Eq. (|l^) survive in the massless lepton limit. 
Therefore, if we can measure the experimental values of P T L for B —* X s fj, + /j,~ , they may be very 
useful for searching for new interactions. Concerning the asymmetries Pj^, while Pl = — Pjy in 
the SM, the difference between Pl and — Pi comes only from new interactions of the scalar- and 
tensor-type. By using this difference, we may be able to study the information about the imaginary 
part of these interactions. Of course, for the massive lepton case we can consider the difference 
between the asymmetries r + and r~ to find the contribution of new interactions. We are going to 
discuss this in the next Section. 

4 Combined Analysis of the Asymmetries for r and r + 

We can get very useful information to constrain the parameters and to find the evidence of new 
physics by measuring the asymmetries for each lepton, r + and r _ , and combining those asymmetries. 
We show Pl + P+, - P+, and P^ + P^, because within the SM, P£ + P£ = 0, E£ - P+ « 
and P~ + P+ = 0. 

(A) For Pl + P£ , the result is; 

P L + P L = ^s^rfg Re t 2L 4(s) {-C lrlrC* rllr + C LRRL C RLRL } 

+ 4L 5 (s) {m b C BR (-C* T + 2C* TE ) + m s C SL {C* T + 2C* TE )} 
+ 2L 6 ( S ) m b {2{C LL - C LR )(C* LRLR + C* LRRL ) 
+2(C RL - C RR )(C* RLLR + C* RLRL ) 
—8(Cll + Clr){Ct — 2Cte) 
+8(C R l + C rr )(Ct + 2Cte)} 
+ 2L 7 (s) m s {2(C LL - C LR )(C* RLLR + C* RLRL ) 
+2(C RL - C RR )(C* LRLR + C* LRRL ) 
— 8(Cll + Clr){Ct + 2Cte) 

+S{C RL + C RR )(O r + 2C* TE )} (21) 
+ 2L$(s) {— \Clrlr\ 2 + \Clrrl\ 2 — \C R llr\ 2 + \C R lrl\ 2 } 
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m b 



+ 2(L 3 (s) + L 8 (s)) {-128C T C£ E }]. 

As can be seen from Eq. (21), the contribution from the SM to Pf + P£ completely disappears. 
There must be new interactions and new physics in the decay B —> X s t + t~ , if the value of P£ +P£ 
is nonzero. We can then determine the parameters of the scalar- and tensor-type interactions, as 
shown in Eq. (21). If we neglect the small strange quark mass m s (i.e. L4 and L7) and retain only 
terms with m b , then we find the following: 

• There is no contribution from the combination of vector-type and nonlocal operators because 
such terms are all canceled. 

• The contribution from Cl R l R + Clrrl is much larger than from the other scalar-type coef- 
ficients, and it is 

- 8m b L 6 (s) Re[C 10 (Ct RLR + C* LRRL )} 

- 2L 8 (s) Re[(C LRLR + C LRRL )(C* LRLR - C* LRRL )]. (22) 

• The tensor-type coefficients give the contribution 

- 256(L 3 (s)+L 8 (s)) Re[C T C^ E ] 

- 8L 5 (s) m b C 7 Re(-C£ + 2C^ E ) - 32L 6 (s) m b Re[C| ff (C£ - 2C% E )\. (23) 



(B) We now consider Pr 



T T ' 



p _ _ p +^BoJ^Mf) Re[ Ami{ 2 m lC BR {Cl L -Cl R )-2mlCsL{Cl L -Cl R ) 



m b lu 



-2m b m s C B R(C RL - C RR ) + 2m b m s C SL (C RL - C RR )} 
+ 4T 3 ( S ) {2(C T - 2C TE )(Ct RLR - C* LRRL ) 

+2(C T + 1C TE ){C RLLR - C* RLRL )} 
+ 2T 5 (s) {2m b C BR (-C* LRLR + C* LRRL ) 

+2m s C SL {-C RLLR + C* RLRL )} 
+ 4mf {m b (C LL + C LR ) (C* LRLR - C* LRRL ) 

+m s (C LL + Clr)(C* rllr - C* RLRL ) 

+m s (C RL + C RR ){C* LRRL - C* LRLR ) 

+m b (C RL + C RR )(C RLLR - C* RLRL ) 

-12m b (C T - 2C TE )(C* LL - C* RR - C* LR + C RL ) 
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-12m s (C T + 2C TE )(-Cl L + C* RR + C* LR - C* RL )} 
+ 2T 7 {s) {-m b {C LL + C LR )(C* LRLR - C* LRRL ) 
-m s (C LL + C LR )(C* RLLR - C* RLRL ) 
-m s (C RL + C RR )(C* LRLR - C* LRRL ) 
-m h (C RL + C RR )(C* RLLR - C* RLRL ) 
+4m s (C T + 2C TE )(C* LL - C* RR - C* LR + C* RL ) 
+4m b (C T - 2C TE ){-Cl L + C* RR + C* LR - C* RL )}\. (24) 

The SM model contribution to P^ — PjT is only 

4m/ {2m 2 b Re[C BR (C* LL - C* LR )] - 2m 2 s Re[Cs L (C* LL - C* LR )]} 

~ 32m/ [ml C 7 C W - m\ C 7 C 10 \. 

We show in Fig. ^ the values of P^ — PjT in the SM. If we observe the experimental results different 
from Fig. 2, we will have a strong evidence of the existence of physics beyond the SM. 




13 14 15 16 17 18 19 20 21 22 

s [GeV 2 ] 

Figure 2: Pf - in the SM. 

After we neglect the terms with m s , we get 

p- p+ 00 u(s)w(s) 2 

P T -Pt = — Re[ 4m/ {2m b C B R{C LL - C LR ) 

m b dl 

+ 4T 3 ( S ) {2(C T - 2C Ti; )(C2 /?LiJ - C* LRRL ) 
+2(C T + ZCte){C rllr - C* RLRL )} 
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+ 2T 5 (s) {2m b C BR (-C* LRLR + C* LRRL )} 
+ 4m 2 {m b (C LL + C LR )(C* LRLR - C* LRRL ) 
+m b (C RL + C RR )(C* RLLR - C RLRL ) 
-\2m b {C T - 2C TE )(C* LL - C RR - C* LR + C* RL )} 
+ 2T 7 (s) {-m b (C LL + C LR )(C* LRLR - C* LRRL ) 
-m b (C RL + C RR )(C* RLLR - C RLRL ) 
+4m b (C T - 2C TE )(-C* LL + C RR + C* LR - C* RL )}}. (25) 
We find the following from the above expression: 

• If there are only new vector-type interactions in addition to the SM operators, the extra 
contributions come from 

-Wrmml C 7 Re(C21 cw - C^T). (26) 

Since dB/ds depends on Cll much more strongly than on any other Wilson coefficient (this 
was found out in the previous work jf6|), P£ — PjT is most sensitive to C£jf w . 

• The dependence on the scalar-type interactions is 

Am b Re[{2T 5 (s)C 7 + (2m 2 - T 7 (s))Cf}(C* LRLR - C* LRRL )} 
= 4m b sRe[{2C 7 + Cf}(Ct RLR -C* LRRL )]. (27) 

We find that here the contribution comes only from {C LRLR — C2^ L ), in contrast to the 
case of P£ + P£ ■ 

• The dependence on the tensor-type interactions is 

(96m 2 + 16T 7 (s))m fe C W (C^ - 2C^ E ). (28) 

(C) For P N + P£, we get 
P N + P+ = - B ° U j s) d Z B {s) Im[ A{-m b {C L L-CL R )(Cl R L R -Cl RRL ) 



m b IE 



-m s (C L L - C L r)(C%llr ~ c *rlrl) 
-m s (C RL - C RR )(C* LRLR - C* LRRL ) 
-m b (C RL - C RR )(C RLLR ~ C RLRL ) 

+A(C T - 2C TE )(m b (Cl L + C* LR ) - m s (C RL + C* RR )) (29) 
+4(C r + 2C TE )(-m s (CtL + C* LR ) + m b (C RL + C* RR )} 
+ —(ml- m 2 ) {m b C BR (C* T - 2C* TE ) + m s C SL (C^ + 2C* TE )}}. 
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It appears that the experimental observation of the above quantity is much more difficult than the 
other asymmetries because of the small numerical value. However, if we measure it, we will be able 
to get information about the imaginary parts of the coefficients for the scalar- and tensor-type 
operators from Eq. (|2^). After we neglect small strange quark mass m s — ► 0, we find: 



• The dependence on the scalar-type interactions is 

-Im[4m 6 (Cll - C LR )(C* LRLR - C* LRRL )) = 8m b C w lm(C* LRLR - C* LRRL ). (30) 

Therefore, we can get the imaginary part of Cl R lr — Cl RR l from the well known SM value 
of Cio. 

• The dependence on the tensor-type interactions is 

Im[16m 6 (C T - 2C T e)(C* ll + C* LR ) - —m 2 b [m b C BR (C T - 2C TE )\ 

2 

= 32m b Im[(2^C 7 + C 9 * efr )(C r -2C TB )]. (31) 

It would be quite difficult to determine (ascertain) the imaginary parts of Ct — 2Cte, because 
C| ff is also a complex number. However, we could still get some hints of the new physics. 

5 Averaged Values of the Asymmetries 

It may be experimentally difficult to measure the polarization asymmetries of each lepton for all 
center-of-mass energies s. However, we may get easily the averaged polarization asymmetries. 
So we define the following averaged polarization asymmetries, 

< P x >= 14 ^ eV 4 , (32) 

J 14 GeV 2 ds ab 

where we integrated from 14 GeV 2 to avoid the resonance regions below tp' . Within the SM, the 
results are 

< Pjf >= T0.43, < Pf >= -0.56, and < >= ±0.05. 

< P£ >= -0.73, 

Note that here we neglected the final state Coulomb interaction effect of the leptons with the other 
charged particles, since the effect has been estimated to be much smaller than the averaged values 
of the SM [11, O]. The final state interaction effect in the lepton polarization of Kl — ► 7r + /i~P or 



K + — ► 7r + /i + /i is estimated as the order of 10 3 ]2^]. In this paper, we follow Ref. [11, 13] and 
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neglect the final state interaction effect, because it will be difficult to measure such small effect in 
experiments and decide whether the measurement includes the effects from some new physics when 
< P~ > + < > is non zero but very small value, where the subindex x is L or N. 
We summarize the findings from the averaged asymmetries as follows: 

• Within the SM, < P L > + < P^ >= 0. As we find from Eq. @), if there is any contribution 
from new interactions other than nonlocal-type and vector-type operators, < P7 > + < 
P£ > can have a nonzero value. The contributions from the vector-type operators cancel 
each other. The main contributions come from the terms with C 'lrlr + C 'lrrl, Ct and Cte- 

• Within the SM, < P~ > - < P+ >~ 0.17. The change of the value for < P^ > - < P+ > 
from the SM prediction would come from Clrlr — Clrrl and Ct — 2Cte, as we discussed 
earlier. Therefore, for the scalar-type operators we can find rather easily which type of 
operators gives contributions, by using the measured values of both < P£ > + < P£ > and 
< P T > - < P} >. 

• < > could give us interesting information on the phases of new physics parameters. 
Within the SM < P^ > + < P^ >= 0, and the experimentally measured value, if it is 
nonzero, will give us some hints of the new physics. 

• In Figs. |^-||, we show correlations between the integrated branching ratio B and the averaged 
lepton polarized asymmetries of r~ and r + , by varying the interaction coefficients. In drawing 
Figs, m we assume for simplicity that all the new interaction coefficients in Eq. (|i~0|) are real. 
Since < P^ > + < P£ > comes only from the imaginary parts of the old (SM) coefficients, 
due to our temporary assumption of real new coefficients, the possible correlation between 
this combined asymmetry and the integrated branching ratio comes primarily (m s ~ 0) from 
varying Ct — 2Cte, as seen from Eq. (31). 

• In Figs ]H§ we show the flows in (B, < P L > + < p£ >) plane, where 

r(m b -m s ) 2 

B= —ds, 

JU GeV 2 ds 

by varying the values of scalar-type coefficients (Fig.||), and those of tensor-type coefficients 
(Fig.||). In Figs. we show the flows in (£>, < P^ > — < P£ >) plane by varying the 

values of vector-type (Fig.|H]), scalar-type (Fig.||) and tensor-type coefficients (Fig.^). In 
Fig.||, we show the flows in (B, < P^ > + < P^ >) plane by changing the values of tensor- 
type coefficients. 
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• We note that the influence of varying of the coefficients in the Figures is confirming our 
previous findings. In Figs.||-|], we find that the influence of varying Clrlr + Clrrl and 
Ct — 2Cte is quite large. In Fig.||, the flow by varying Cll is large. In Figs|||7|, we find 
that the variation of Clrlr — Clrrl and Ct — 2Ct will make large flow in the (£>, < P^ > 
— < PjT >) plane. In Fig]8|, we find that varying Ct — 2Cte will lead to a flow in the 
(B, < > + < Pff >) plane, but it will not be so large one. 



< P L > + <Pl> 



1 - 




1 2 3 4 5 

B x 10 7 

Figure 3: The flows in (£>, < P£ > + < P£ >) plane. In each flow, Clrlr + Clrrl (thick solid 
line), Crllr + Crlrl (thin line) are varied respectively. 
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Figure 4: The flows in (B,< P L > + < P£ >) plane. In each flow, Ct + 2Cte (thick solid line), 
Ct — 2Cte (thin line) are varied respectively. 




-0.4 - 



Figure 5: The flows in (B,< P T > — < >) plane. In each flow, Cll (thick solid line), Clr 
(thick dashed line), Crl, Crr (thin solid line) are varied respectively. 
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_l I I I I I I 

1 2 3 4 5 

B x 10 7 

Figure 6: The flows in (£>, < P^ > — < P^ >) plane. In each flow, Clrlr + Clrrl (thick solid 
line), Clrlr - Clrrl (thick dashed line), Crllr + Crlrl (thck solid line), Crllr - Crlrl (thin 
dashed line) are varied respectively. 




Figure 7: The flows in (£>, < P T > — < P^ >) plane. In each flow, Ct + 2Cte (thick solid line), 
Ct — 2Cte (thin solid line) are varied respectively. 
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< P N > 2 + <P N> 
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B x 10 7 



Figure 8: The flows in (B, < P N > + < P£ >) plane. In each flow, Ct + 2Cte (thick solid line), 
Ct — 2Cte (thin solid line) are varied respectively. 

6 Summary and Conclusions 

The most general model-independent analysis of lepton polarization asymmetries in the rare B 
decay B — > X s t + t~ is presented. We have presented the longitudinal, normal and transverse 
polarization asymmetries of r + and r~ as functions of the coefficients of the twelve four-Fermi 
operators, ten local and two nonlocal ones. Even though the experimental observations of all 
those asymmetries may be very challenging, we found that such observations will be very useful to 
pin down new physics beyond the Standard Model (SM) systematically, telling us which type of 
operators contributes to the process. 

We also investigated various combinations of the polarization asymmetries: For the longitudinal 
polarization Pl, the contribution from the SM to P£ of r~ is exactly the same as that to Pl of 
t + , with just the opposite sign. Therefore, if there is any difference in absolute values between 
the longitudinal asymmetries of t+ and r _ , it must come from interactions beyond the SM - in 
this case from the terms with the scalar- and tensor-type interactions, because the contributions 
from the combination of vector types and nonlocal types are all canceled. We also found that the 
contribution from Clrlr + Clrrl is much larger than from the other scalar-type interactions. We 
also showed the usefulness of the transverse asymmetry Pp. From the difference between P^ and 
PjT, we can find the dependence on Cj * C±q, if no contributions beyond those of the SM exist. 
However, if there exist new physics interactions, the contribution from the scalar-type operators, 



22 



Clrlr — Clrrl, will dominate the difference Pj7 — PjT. Therefore, if there are the scalar-type 
interactions from new physics, we can find the interaction strength by using the results of both 
P£ + P£ and P^ — PjT. As is well known, many new physics models (for example, multi Higgs 
doublet models [12], SUSY |9], 14], P-parity violation model [13] etc.) include such scalar-type 
interactions. Concerning < P5 >, experimental observation may be much more difficult than in 
the case of other asymmetries because of small numerical value. However, if we can measure it, we 
will be able to get very useful information on the imaginary part of Ct — 2Cte- Of course, within 
the SM, < P N > + < P+ >= 0. 

To summarize, we presented the most general model-independent analysis of the lepton polar- 
ization asymmetries in the rare B decay, B — ► X s t + t~ . The longitudinal, normal and transverse 
polarization asymmetries for the t + and r - , and the combinations of them as the functions of the 
Wilson coefficients of the twelve independent four-Fermi interactions are also presented. It will be 
very useful to pin down new physics systematically, once we have the experimental data with high 
statistics and the deviation from the Standard Model is found. 
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